Objective: Despite overall improvements in congenital heart disease outcomes, racial and ethnic disparities have continued. The purpose of this study is to examine the effect of race and ethnicity, as well as other risk factors on congenital heart surgery length of stay and in-hospital mortality. Results: No significant mortality differences were found among all race and ethnicity groups across each age group. Black neonates and black infants had a longer length of stay (neonatal estimate 5 8.73 days, P 5 .0034; infant estimate 1.10 days, P 5 .0253), relative to whites. Government-sponsored insurance was associated with increased odds of neonatal mortality (odds ratio 5 1.51, P 5 .0055), increased length of stay in neonates (estimate 5 4.26 days, P 5 .0009) and infants (estimate 5 1.52 days, P 5 .0181), relative to private insurance. Government-sponsored insurance was associated with increased number of chronic conditions, which were also associated with increased LOS (estimate 8.39 days, P < .001 in neonates; estimate 3.60 days, P < .001 in infants; estimate 1.87 days, P < .001 children).
more sensitive marker of hospital care disparities than mortality alone, and found that Hispanic race was associated with increased complications, while black and "Other" race was associated with FTR. 2 Longer length of stay (LOS) following congenital heart surgery has been reported in black and Hispanic children compared with white children. 3, 4 Increased congenital heart surgical mortality has been reported in patients with Medicaid insurance compared with private insurance, and in nonwhite children compared with white children, although this finding varies across geographic regions and by specific types of CHD. [5] [6] [7] [8] Other studies have reported increased CHD and congenital heart surgery mortality for black and Hispanic children compared with white children. 3, 4, [9] [10] [11] [12] The purpose of this study is to describe the effect of race and ethnicity on congenital heart surgery LOS and mortality, after adjusting for known confounding variables, using the most recent edition of the KID. Although several previous studies, some using the KID, have
reported that black and Hispanic race is associated with increased mortality, LOS and/or complications, it is important to evaluate whether or not these disparities continue using the most recent data available. The results of this study could help support development of strategies to improve care for at-risk populations and optimize healthcare delivery.
| M E T H O D S 2.1 | Data source
This retrospective cohort analysis was approved by the MemorialCare Health System Institutional Review Board. Data were obtained from the 2012 KID, under a Data Use Agreement. The KID is published triennially from a stratified random sample of pediatric hospital discharges, including 10% of normal hospital births and 80% of complicated births and other pediatric discharges. 13 The KID 2012 includes administrative data from 4179 acute care hospitals in 44
states (see http://www.hcup-us.ahrq.gov/db/hcupdatapartners.jsp) with approximately 3 195 000 pediatric hospital discharges for patients aged 20 years and less. 14 Congenital cardiac surgical discharges in patients less than 18 years of age were identified within the 2012 KID by International Classification of Diseases, 9th edition, Clinical Modification (ICD-9-CM) diagnoses and procedure codes, and were assigned Risk-Adjustment for Congenital Heart Surgery, version 1 (RACHS-1) complexity scores. 15, 16 RACHS-1 is a validated risk stratification system with six levels of expected short-term mortality, and has been used with ICD-9-CM diagnoses and procedure codes. 15, 17 Procedures in patients 18 years of age, cardiac transplant, and patent ductus arteriosus closure in premature infants and infants 30 days old as the only cardiac procedure were ineligible for RACHS-1 risk category. We chose RACHS-1 as a measure of surgical complexity because it can be applied to ICD-9-CM codes, which are the procedural data available within the KID. Other well-validated measures of congenital heart surgical complexity, such as the Society of Thoracic Surgeons/European
Association for Cardiothoracic Surgery Congenital Heart Surgery Mortality (STAT) categories, are assigned from clinical information not accessible in this administrative database.
| Outcomes
We examined in-hospital mortality and LOS for neonates, infants, and children undergoing RACHS-1 complexity level-eligible congenital heart surgery. The cohort was divided into 3 groups based on age at admission: neonates (younger than 30 days), infants (30 days to 1 year), and children (1 to 17 years of age). Because LOS was highly agedependent, reflecting the overall increased complexity of neonates who require cardiac surgery, these three cohorts were analyzed separately for LOS. For in-hospital mortality, the infant cohort was combined with the children cohort because the low mortality rate and similar distributions of in-hospital mortality across race/ethnicity categories in these two age groups.
| Variables
The primary exposure variable was race/ethnicity ("race") with mutually 18 Major noncardiac structural anomalies included ICD-9-CM codes for central nervous system, airway, gastrointestinal, and renal congenital anomalies sometimes associated with CHD, and which may contribute to mortality and morbidity (See Table 1 ). 16 Number of chronic conditions is a continuous variable defined within the KID, using a chronic condition indicator for ICD-9
diagnoses codes. A chronic condition is defined as a condition that lasts 12 months or longer and meets one or both of the following tests: (a) it places limitations on self-care, independent living, and social interactions; (b) it results in the need for ongoing intervention with medical products, services, and special equipment. Genetic abnormalities were identified through ICD-9-CM diagnoses codes. Hospital-acquired or medical injuries, as defined by the Wisconsin Medical Injury Prevention
Program (WMIPP), were identified through ICD-9-CM diagnoses codes. 19, 20 The WMIPP defines categories of medical injuries and complications, including medication-related, device/implant/graft-related, procedural, miscellaneous injuries, and "not elsewhere specified" complications including radiation-related. WMIPP injuries and complications were defined as a dichotomous variable indicating the presence of at least one complication, although some patients experienced more than one complication. Hospital volume was determined by the number of RACHS-1 eligible congenital heart surgical discharges by unique hospital number.
| Statistical analysis
The primary outcomes were in-hospital mortality and LOS. The average unadjusted mortality rate was 3% for the entire cohort (8.7% for neonates, 1.9% for infants, and 0.9% for children).
Unadjusted mortality rate by race/ethnic group was 2.55% for white patients, 3.92% for black patients, 3.2% for Hispanic patients, 3.09%
for "other" group patients, and 3.29% for those missing race/ethnic information. The mean LOS was 17.8 days for the entire cohort (40.9 days for neonates, 15.4 days for infants, and 7.8 days for children). non-cardiac congenital abnormalities (estimate 5 7.86, P < .0001), increased number of chronic conditions (estimate 5 3.60 per unit increase, P < .0001), absence of genetic abnormality (estimate 5 5.53, P < .0001), presence of any hospital-acquired or medical injury (estimate 5 5.29, P < .0001), and higher RACHS-1 category (all P < .001 for each RACHS-1 category). See details in Table 5 .
| Children
No race and ethnicity differences were found for LOS in children.
Older age was associated with shorter LOS (estimate 5 20.26 per 1 year older, P < .0001). Longer LOS was associated with nonelective admissions (estimate 5 6.00, P < .0001), increased number of chronic conditions (estimate 5 1.87 per unit increase, P < .0001), absence of genetic abnormality (estimate 5 2.87, P < .0001), presence of any hospital-acquired or medical injury (estimate 5 2.79, P < .0001), and higher RACHS-1 category (all P < .0001 for each RACHS-1 category, compared with RACHS-1 category 1. See details in Table 6 .
| Effect of insurance type on surgical complexity, chronic conditions, and medical injuries
Because the effect of insurance type on LOS in neonates and infants was significant, we further analyzed differences between insurance types and surgical complexity, as well as number of chronic conditions, and the incidence of any medical injury or complication (See Table 7 ).
Differences between insurance groups were tested using chi-square for categorical variables and one-way ANOVA for continuous variables.
We defined higher surgical complexity as operations within RACHS-1 category 4, 5, or 6 because of the small number of RACHS-1 category 5 or 6 procedures performed outside of the neonatal period. Neonates with government-sponsored insurance and "other" insurance did not have a higher percentage of RACHS-1 category 4, 5 or 6 procedures compared to neonates with private insurance. There were also no significant differences in neonates between insurance type and the incidence of medical complications and injuries. However, neonates with government-sponsored and "other" insurance had more chronic conditions (mean 3.23 6 1.99 and 3.29 6 2.12, respectively) than neonates with private insurance (mean 3.02 6 1.99, P 5 .006).
In the infant group, patients with "other" insurance had increased incidence of medical injuries or complications (35.0% versus 29.2% and 28.4%, P 5 .030). In both infants and children, there were no significant differences in RACHS-1 surgical complexity between patients with different insurance types. However, infants and children with government-sponsored or "other" insurance had significantly more chronic conditions than those with private insurance (infants 3.45 6 
| Sensitivity analysis
Two sensitivity analyses were conducted. The first sensitivity analysis used the raw length of stay as outcome. The second sensitivity analysis removed admissions that were missing patients' race and ethnicity information, as opposed to a separate category of "missing" race/ethnicity. The results were quite similar and the conclusion remained unchanged (results not shown).
| DISCUSSION
This study reports changes in the effect of race/ethnicity on inhospital mortality and LOS in children from the United States who were hospitalized following congenital heart surgery in 2012. Inhospital mortality was not different between racial/ethnic groups in either age cohort. The lack of racial and ethnic differences in mortality in our study is in contrast to previous studies. [3] [4] [5] The low overall incidence of mortality (3.0%) could have contributed to the difficulty of assessing the significance between racial/ethnic groups, however, this overall mortality rate is similar to previous studies that did identify racial/ethnic disparities in mortality. One possible explanation for our findings is that the effect of nonelective admissions, chronic conditions, and medical injuries/complications on mortality reduced the impact of race and ethnicity on mortality in multivariate analysis, since there were differences in unadjusted mortality between racial/ ethnic groups. Other large database studies that have reported racial/ethnic disparities in congenital heart surgery outcomes have used different variables in their regression analyses, such as not including insurance type or complications, or have asked slightly different research questions, which may lead to different results. 2, 3, 5 Given that the KID accounts for only in-hospital mortality, it is also possible that racial/ethnic disparities in mortality would be evident in longer term survival analysis. Another hypothesis for our findings is that improvements in healthcare access and increased availability of health insurance may have reduced racial/ethnic disparities in congenital heart surgery mortality. While one study is certainly not sufficient to make this conclusion, our results raise this question and warrant further investigation by other researchers, using other sources of data.
Increased congenital heart surgery mortality in females has been reported in previous studies. One study also using the KID reported increased adjusted risk of in-hospital death for females who underwent congenital heart surgery (OR 1.21, 95% CI 1.08-1.36), which was due to increased mortality for high risk procedures in neonates. 21 Another study using the Pediatric Cardiac Care Consortium also found female sex as a risk factor for both 30 day and in-hospital mortality (P 5 .002, and .001, respectively) due to increased mortality in females during the first 6 months of life and for RACHS-1 category 3 to 6 procedures, thought due to sex differences in cardiac metabolism noted in animal studies. 22 However, Dibardino and colleagues did not find sex differences in congenital heart surgery mortality, after adjusting for age and other clinical factors. 3 Our results support previous findings of increased mortality in female neonates undergoing high-risk congenital heart surgery.
Increasing RACHS-1 complexity score was not associated with increased neonatal mortality. RACHS-1 has been validated as a Given are point estimate LOS, without logarithmic transformation for ease of interpretation, as well as point estimate of log (LOS 11) with corresponding 95% confidence intervals and P value.
congenital heart surgical mortality predictor, but associated neonatal co-morbidities may play more of a role in outcomes than the complexity of the cardiac surgical repair. 15, 17, 23 Simsic and colleagues found that RACHS-1 complexity score was not predictive of in-hospital mortality in a study of neonates who underwent congenital heart surgery. 24 RACHS-1 complexity was validated as a predictive tool for the spectrum of congenital heart surgery, and not specifically to predict mortality in individual, high-risk groups. In this study, RACHS-1 complexity score was a highly significant predictor of nonneonatal mortality and LOS in all age groups. of children covered by Medicaid in one study, and almost 19% of children in that study had a cardiovascular chronic condition. 26 Our study did not find differences in surgical complexity or incidence of medical injuries/ complications by insurance type, but we did find that neonates, infants, and children with government-sponsored or "other" insurance had significantly more chronic conditions than those with private insurance. We hypothesize that our findings related to disparities in LOS are explained by increased number of chronic conditions in the group with government-sponsored insurance, due to increased coverage of children with medical complexity by Medicaid programs.
Chronic conditions were strongly associated with increased mortality and increased LOS in all age groups. Chronic conditions are identified within the KID through an algorithm based on ICD-9-CM codes developed by Hwang. 27 A review of childhood chronic illness identified that chronic illness incidence had quadrupled from 1960 to 2005, and that children from racial/ethnic minorities were 1.5 to 2 times more likely to have a major chronic illness such as asthma, diabetes, cancer, obesity, hypertension, dental disease, mental illness, or a congenital condition. 28 Nongenetic complex chronic conditions have been associated with increased mortality, LOS and complications following congenital heart surgery. 29 Medical injuries, as defined by WMIPP criteria, were not associated with increased neonatal mortality, but were strongly associated with increased nonneonatal mortality and with increased LOS in all age groups. We did not examine FTR specifically, because it is difficult to identify the temporality of injury diagnoses to procedures in an admin- mortality, LOS, or complications. 29 It is possible that infants and children in this study with genetic abnormalities also had additional chronic conditions that contributed to their increased LOS, or that coding of genetic or other comorbid conditions differs between age groups.
This study has several limitations that should be considered.
Administrative databases have known drawbacks related to miscoding, as well as lack of control over the data points. However, the ability to obtain large sample sizes of rare conditions (including CHD) in a costeffective manner makes administrative databases an important tool for outcomes research. 33 We utilized established methodology to assign RACHS-1 complexity scores, noncardiac congenital anomalies, and medical injuries/complications to the available ICD-9-CM codes to be consistent with previous studies utilizing administrative data. In addition, the 3% overall mortality rate in this study is congruent with the 3.1% average 4-year mortality rate reported by the Society of Thoracic Surgeons Congenital Heart Surgery Database 2011-2015 Executive
Summary. 34 Missing racial/ethnic demographic information in 12.7% of the records is an important limitation, but sensitivity analysis indicated that the group missing race/ethnicity was not significantly different from those with race/ethnicity information. In addition, the proportion of entries missing race/ethnicity information in the 2012 KID is not substantially different from previous KID studies. We did not use multiple imputation for missing race/ethnicity information because disclosure of race/ethnicity information is voluntary and therefore the incomplete data is likely not missing at random.
Our results suggest that racial/ethnic disparities in congenital heart surgery mortality may be improving, and that racial/ethnic disparities in LOS may be related to insurance coverage that is driven partly by medical complexity and chronic conditions. Other risk factors for morbidity and mortality in the neonatal population may be related to CHD complexity and preoperative conditions, and may therefore be more amenable to modification by prenatal interventions that improve maternal health and access to prenatal care, as well as early recognition and management of suspected CHD in the neonatal period. The role of newborn pulse oximetry screening for critical congenital heart disease in reducing racial/ethnic disparities has yet to be determined, but this technology holds promise to improve recognition of severe CHD. In all age groups, chronic medical conditions and hospital-acquired or medical injuries were also highly important factors predicting mortality and LOS. Racial/ethnic disparities in both chronic conditions and medical injuries/complications are reported.
In conclusion, this study reports a lack of racial and ethnic disparities in congenital heart surgical mortality, in contrast to previous studies. Future research and other independent analyses are required to validate whether improvements in CHD care mean that mortality may no longer be an effective outcome to measure racial/ethnic disparities.
Changes in eligibility for government-sponsored insurance have impacted the distribution of public and private insurance for children with CHD, and these changes also reflect the complexity of care that some children with CHD require. Our findings also support continued disparities in LOS following congenital heart surgery in black neonates and infants. Irrespective of mortality, focusing on specific quality outcomes including incidence of major morbidity, readmission rate, and LOS may give us more insight into the deeper mechanisms of racial and ethnic disparities in this patient population. It would be beneficial to also study other factors that are not contained in large clinical or administrative databases, such as prenatal care, access to cardiology care, age at diagnoses, management of chronic conditions, and the effect of significant postoperative residual lesions such as aortic arch obstruction or valvar regurgitation.
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